INTRODUCTION
The India-Asia collision zone in southern Tibet, including the Indus-Yarlung suture ( Fig. 1) , is located at the heart of one of the greatest plate tectonic collisions in Earth's recent history, and marks the position where the Indian and Asian continental landmasses collided during the early Cenozoic (e.g., Allégre et al., 1984; Garzanti et al., 1987) . As a result, the India-Asia collision zone has undergone intense deformation and surface uplift to over 6 km modern elevations, and provides a unique archive of collisional processes (Yin et al., 1999; Ding et al., 2005) . Today the India-Asia collision zone is the source of the headwaters of two of Asia's largest river systems, the Yarlung-Brahmaputra River in the east and the Indus River in the west (Fig. 1) .
One of the most signifi cant elements of the India-Asia collision zone is the Kailas basin, a narrow, ~1500-km-long strike-parallel basin that formed during latest Oligocene-early Miocene time (more than 30 m.y. after the onset of the collision) (Najman et al., 2010; DeCelles et al., 2011; Wang et al., 2013) . The lower and middle parts of the basin fi ll consist of organicrich, fossiliferous, profundal lacustrine shale, coal, turbiditic sandstones, and fringing conglomeratic alluvial deposits suggestive of a low elevation and relatively humid, tropical environment. The basin fi ll is thermally mature, suggesting deep burial, but is exposed today at elevations of >6500 m. The processes by which the Kailas basin was formed, fi lled, buried, and eventually uplifted to modern elevations and exhumed are not well understood, but surely must evince a series of events not generally considered germane to the suturing process. Perhaps most enigmatic is the fact that the basin fi ll is generally weakly deformed (near Mount Kailas), overlying in low-angle buttress unconformity Cretaceous-Eocene volcanic and plutonic rocks of the Gangdese magmatic arc (Gansser, 1964; Yin et al., 1999; DeCelles et al., 2011) .
In this paper, we present the fi rst multidating study of the Kailas Formation and underlying Gangdese arc rocks constraining the timing of regional cooling of the India-Asia collision zone and exhumation associated with tectonic and erosional processes after India-Asia collision. New U-Pb and 40 Ar/
39
Ar geochronological data are combined with published data to constrain the timing of deposition of the Kailas Formation. New apatite fi ssion-track (AFT) and apatite and zircon (U-Th)/He (AHe, ZHe) data from the Kailas Formation and underlying Gangdese batholith intrusive rocks, distributed for ~600 km along strike in the India-Asia collision zone (Fig. 1) , show rapid regional cooling and exhumation at ca. 17 Ma (Fig. 2) , interpreted to be related to India underthrusting and removal of material from the suture zone by effi cient river incision.
GEOLOGICAL SETTING
The India-Asia collision zone is dissected by the Yarlung River valley ( Fig. 1) and comprises a southern belt of ophiolite and mélange in fault contact with Paleozoic and Mesozoic sedimentary rocks of the Tethyan Himalaya to the south (e.g., Burg and Chen, 1984) , a medial belt of Cretaceous Xigaze forearc basin deposits (Wang et al., 2012) , and a northern district that includes the south-dipping Great Counter thrust and the Kailas Formation (or Gangrinboche Conglomerate; Aitchison et al., 2002) in its footwall (Fig. 1B) . The Kailas Formation overlaps the Gangdese magmatic arc in the southern Lhasa terrane.
Thermochronological data show accelerated exhumation of the Gangdese batholith, near the Indus-Yarlung suture, at ca. 48-42, ca. 26-17, and ca. 11-8 Ma (e.g., Copeland et al., 1987; Harrison et al., 2000; He et al., 2007; Dai et al., 2013) . Published chronostratigraphic data from the Kailas Formation near Mount Kailas in southwestern Tibet (Fig. 1) indicate that it was deposited between ca. 26 and 23 Ma .
The Miocene was a time of active tectonics and exhumation in southern Tibet and the Himalaya; major structures, such as the Great Counter thrust and the South Tibetan detachment system, were active at the time (e.g., Burchfi el et al., 1992; Murphy and Harrison, 1999) . The Great Counter thrust was active between 25 Ma or earlier and 10 Ma (Quidelleur et al., 1997; Yin et al., 1999; Harrison et al., 2000) ; the South Tibetan detachment was active between ca. 22 Ma and ca. 17 Ma (Hodges et al., 1996; Dézes et al., 1999; Murphy and Harrison, 1999; Searle et al., 1999) , and at least locally as early as ca. 35 Ma (Lee and Whitehouse, 2007) and as late as 12 Ma (Murphy and Copeland, 2005) .
MULTIDATING OF THE INDIA-ASIA COLLISION ZONE
We collected 12 samples of Kailas Formation and 5 samples of Gangdese batholith granite between ~80.9°E and ~86.7°E (see the GSA Data Repository 1 ) for geochronology and thermochronology. Samples of Kailas Formation from previously published sections together with newly investigated sections near Xiao Gurla (Yagra Valley), Lopukangri, and Geydo (Fig. 1) , were analyzed (for analytical details and information about the locations and stratigraphic positions of the analyzed samples, see the Data Repository).
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India-Asia collision zone tory). Zircon U-Pb geochronology from one ash (5YA167) and from one detrital sample (GY3-144) within the Kailas Formation provided a depositional age of 24.4 ± 0.5 Ma for the Yagra Valley section and a maximum depositional age of 21.2 ± 1.4 Ma for the Geydo section ( Fig. 2 ; see the Data Repository). These dates, together with other geochronological data , constrain the age of the Kailas Formation to 26-21 Ma.
ZHe, AFT, and AHe thermochronology provide information on the timing and rates of cooling through an ~230-40 °C closure temperature window (Gleadow and Duddy, 1981; Wolf et al., 1998; Reiners et al., 2002) . ZHe ages from the Kailas Formation are between 31.8 ± 0.5 and 9.7 ± 0.1 Ma, and AFT ages are between ca. 19 and 7 Ma; most samples range between ca. 14 and 18 Ma, with a weighted mean age of 16.7 ± 0.9 Ma (Fig. 2) , regardless of stratigraphic position. AFT ages from 5 samples of the Gangdese batholith are between ca. 15 and 11 Ma (Fig. 2) . The anomalously young AFT and ZHe ages are from samples 8KR67 and 6-4-05-1, which are near the active Karakoram strike-slip (Murphy et al., 2002) and Xiao Gurla extensional (Pullen et al., 2011) fault systems. Sample LK6005 from Gangdese granite below the basal Kailas Formation has a 13.8 ± 0.6 Ma AFT age (see the Data Repository) that does not pass χ 2 , which suggests multiple age populations and a disturbed signal. Sample VP2 from near LK6005 yielded an AFT age of 14.2 ± 1.3 Ma. AHe ages from three samples of Kailas Formation are between 9.9 ± 0.8 Ma and 3.5 ± 0.2 Ma (see the Data Repository).
Overall, the AFT ages from the Kailas Formation samples are younger than its depositional age (ca. 26-21 Ma) and require burial to >120 °C (Fig. 2) after ca. 21 Ma and before ca. 17 Ma. The youngest ZHe component is generally younger than the depositional age of the Kailas Formation and requires burial to >200 °C (Fig. 2) . ZHe ages older than the depositional age together with AFT ages younger than depositional age indicate partial or no resetting of the ZHe system between 120 °C and 230 °C after deposition of the Kailas Formation (Fig. 2) . Assuming a paleogeothermal gradient of 30 °C/ km, these data indicate between ~4 and 7 km of burial after ca. 21 Ma, followed by rapid cooling and exhumation at ca. 17 ± 1 Ma (Fig. 2) . The rapid nature of this exhumation is supported by the similarity between AFT and ZHe ages and thermal modeling (see the Data Repository), indicating that cooling occurred rapidly between ca. 15 Ma and ca. 18 Ma. AHe ages, along with thermal modeling, indicate possible accelerated cooling between ca. 4 Ma and the present.
DISCUSSION AND CONCLUSIONS
Our data indicate >200 °C of heating along the India-Asia collision zone in the early Miocene; this basin burial can be explained by either rapid sedimentation or overthrusting by Great Counter thrust hanging-wall rocks. Overthrusting would require a thick, regionally extensive tectonic sliver of Xigaze forearc and IndusYarlung suture rocks overlying the Kailas Formation. We favor burial by sedimentation in a rapidly subsiding basin, related to southward rollback of Indian lithosphere, as the mechanism for regional subsidence Wang et al., 2013 ). An extensional setting is supported by the presence of phlogopitic trachyandesites and/or basalts in the Kailas Formation. The rapid shift (within a few million years) from basin subsidence (26 to 21 Ma or later) to basin exhumation (17 ± 1 Ma) is here interpreted to be related to northward underthrusting of the Indian plate following rollback and breakoff of a portion of the Indian slab. If this model is correct, it shows that regional uplift and exhumation of the India-Asia collision zone can occur without signifi cant upper crustal shortening several millions of years after collision.
It is interesting that the regional exhumation signal at ca. 17 Ma coincides with initiation of the South Tibetan detachment north of Mount Everest (Fig. 2) , which attained its high elevation by the early Miocene (ca. 17-16 Ma) (Gébelin et al., 2013) . Regional Miocene exhumation is also recorded by Himalayan foreland basin and Bengal and Indus submarine fan deposits (e.g., Copeland and Harrison, 1990; Métivier et al., 1999; DeCelles et al., 2001; White et al., 2002; Bernet et al., 2006; Najman, 2006; Clift et al., 2002 Clift et al., , 2008 Clift, 2006) .
Our new thermochronological data also require removal of a signifi cant volume of rock from the India-Asia collision zone within a few million years; a conservative volumetric estimate for removal of 6 km (vertical) of rock by a drainage system measuring 50 km north-south and 600 km east-west would be >180,000 km 3 ; for example, this is the same order of magnitude of sediment volume (km 3 ) delivered per million years in the Indus fan (Clift et al., 2008) . Although we recognize that most of the material delivered to the Bengal and Indus fans during the Miocene was derived from the frontal part of the Himalaya, our results suggest that a significant portion of the sediment volume may have come from the interior of the orogen. Rapid evacuation of large volumes of material from the India-Asia collision zone could have been accomplished by effi cient paleo-Yarlung River incision in response to drainage reorganization related to capture by the Brahmaputra River (Bracciali et al., 2013; Robinson et al., 2013) and/or runoff enhanced by intensifi cation of the Asian monsoon (e.g., Clift et al., 2008) .
High-magnitude exhumation of the frontal part of the Himalaya is part of a feedback relationship between tectonics and climate (Clift et al., 2008; Thiede and Ehlers, 2013) . Signifi cant erosion in the deep interior of the orogenic system may be related to a similar feedback relationship with important effects on the behavior of the orogenic system that should be considered in future geodynamic models.
